Introduction {#s1}
============

Seamounts are major topographic features of all ocean basins and are defined as undersea mountains rising more than 100 m from the seafloor without breaking the sea surface [@pone.0016357-Pitcher1].

An abrupt topographic elevation, such as a seamount, over a flat deep bottom produces profound effects on the surrounding physical environment (in the form of upwellings, turbulence, Taylor cones, eddies, ...) and, in turn, on the local dynamics of plankton and benthos [@pone.0016357-Boehlert1], [@pone.0016357-Rogers1], [@pone.0016357-Genin1]. In particular the establishment of megabenthic assemblages on seamounts (mainly composed of suspension feeders) may be affected by several environmental conditions [@pone.0016357-Clark1], for example the presence of steep slopes, which reduce the spatial extent and enhance the coexistence of communities with different bathymetric requirements [@pone.0016357-Samadi1], [@pone.0016357-Lundsten1]. Also the depth of the peak, its geomorphology and the geographic isolation of the mount are important, since they influence the biocoenoses composition [@pone.0016357-Boehlert1], [@pone.0016357-Genin2]. The role of temperature and pressure have also been discussed as factors controlling benthos zonation [@pone.0016357-Carney1]. However the distribution of suspension feeders seems to be mainly related to the current regime. Hydrodynamism in fact may affect sedimentation rates, larval settlement and, together with localized vertical nutrient fluxes and material retention, the productivity of the area [@pone.0016357-Samadi1], [@pone.0016357-Carney1]--[@pone.0016357-Matsumoto1].

The Mediterranean Sea hosts about 1% of the total predicted large seamounts identified for the world\'s major basins [@pone.0016357-Kitchingman1]. These underwater mountains have been relatively well investigated from the paleo-geological point of view [@pone.0016357-Genesseaux1]--[@pone.0016357-Zhuleva1], but very few data are available concerning the composition of their megabenthic assemblages [@pone.0016357-Galil1]--[@pone.0016357-UNEP1]. For example a rich algal community and the mollusc fauna were described on the top (from 20 m depth) of the Amendolara Bank in the Ionian Sea [@pone.0016357-Panetta1]--[@pone.0016357-Cecere1]. The benthic fauna of the summit of the Eratosthenes Seamount (756 m depth) to the south of Cyprus, in the Eastern Mediterranean, was also studied [@pone.0016357-Galil1]. Some biological data were provided by geological surveys made on two shallow mounts (summits at less than 100 m depth) in the Aegean Sea [@pone.0016357-Blanc1], [@pone.0016357-Blanc2]. A similar geomorphological survey with submarine images was made on the Vercelli Seamount [@pone.0016357-Galil1], while a detailed ROV imaging campaign was used to describe the coralligenous assemblages from 80 to 170 m depth on four shallow seamounts along the Spanish coast [@pone.0016357-Aguiliar1].

The Tyrrhenian bathyal plain is spotted by at least 14 large and intermediate seamounts ([Fig. 1](#pone-0016357-g001){ref-type="fig"}). Differently to all other structures, Vercelli Seamount (together with Strabo Seamount), has a shallow peak (60--70 m depth) where there is sufficient light for photosynthetic communities to develop. This structure therefore is a good opportunity to study the characteristics of a Mediterranean coralligenous ecosystem, until now mainly considered in coastal areas, on an isolated topographic feature, subjected to peculiar hydrodynamic conditions and spatial limitations.

![Location of the Tyrrhenian major seamounts.](pone.0016357.g001){#pone-0016357-g001}

The aim of this paper is to describe the megabenthic biodiversity of the mesophotic zone of the Vercelli Seamount (60--100 m) and to compare it with existing data concerning both other shallow seamounts and continental areas. Moreover this study aims to give account of the peculiar structure of the Vercelli\'s community distinguished into various assemblages defined by local hydrodynamic, geomorphologic and trophic characteristics.

Materials and Methods {#s2}
=====================

Study area {#s2a}
----------

Vercelli Seamount is a granite intrusion north-west of Sardinia (North Tyrrhenian Sea) that occurred during the Late Miocene [@pone.0016357-Galil1], [@pone.0016357-Barberi1], [@pone.0016357-Barberi2]. It is the most important part of a complex SW-NE oriented system of ridges arising from a bottom of about 2000 m ([Fig. 2a](#pone-0016357-g002){ref-type="fig"}).

![Topography of the Vercelli Seamount.\
a) Three-dimensional map of the Vercelli Seamount showing on its top the rocky pinnacle explored with the ROV (black rectangle). b) Bathymetric map of the studied peak (60--100 m depth) showing the position of the seven video-transects on the TOP and along the NE and SW flanks.](pone.0016357.g002){#pone-0016357-g002}

The geomorphological characteristics of the seamount have been studied by grabbing, dredging and underwater photoprofiling [@pone.0016357-Galil1], [@pone.0016357-Gallignani1]. These studies showed that the elevation arises from the muddy sea bottom with steep walls (about 20° slope) characterised by isolated granites and clay-limestone concretions emerging from the coarse detrital sand. Around 200--250 m depth, walls turn into flat planes covered by organogenic coarse and medium sand, gently sloping (1°--3° slope) up to about 100 m depth where a rocky peak rises reaching its maximal elevation around 60 m depth ([Fig. 2a](#pone-0016357-g002){ref-type="fig"}). This 2 miles elongated pinnacle (41°06.45′N--10°54.43′E, summit of the peak), represents the survey area. Here the bedrock takes the form of ridges separated by joints of various size and extent, traced by sandy sediments and running north eastward [@pone.0016357-Galil1]. The two flanks of the pinnacle (NE and SW) show a different inclination being steeper on the SW side (17°30′) respect to the NE one (11°) [@pone.0016357-Gallignani1].

The exposed granites of the peak, the terrace-like benches of the slopes and the organogenic sand on the plateau are considered consequences of the emersion, and subsequent subsidence, that the pinnacle experienced during the Pliocenic 130 meter glacial-eustatic decrease of the sea level [@pone.0016357-Galil1], [@pone.0016357-Gallignani1]. The seamount has been, and still is, subjected to tectonic movements accompanied by hydrothermal activity responsible for the iron-manganese crust (up to 2 cm thick) found on the deep granites [@pone.0016357-Galil1].

The mesoscale oceanography of the Tyrrhenian Sea is characterized by a major cyclonic circulation along its boundary, while in the interior several gyre structures can be observed. Vercelli Seamount is located within the transition area between two gyres: cyclonic in the North and anticyclonic in the South [@pone.0016357-Artale1]. These gyres are usually considered wind-driven [@pone.0016357-Artale1], [@pone.0016357-Nair1], but recent investigations revealed the relevant role played by topography [@pone.0016357-Budillon1], [@pone.0016357-Vetrano1]. The consequence of this hydrographic situation is the prevalence of upwelling conditions in the northern region and downwelling in the southern one. This almost steady situation is well reproduced both in the surface and in the deep layers. Also temperature and salinity distributions suggest a divergence region in the North and a convergence region in the South. These characteristics are confirmed by the corresponding dissolved oxygen and nutrient distributions [@pone.0016357-MEDATLAS1].

Benthos data acquisition {#s2b}
------------------------

Our research has focused on the megabenthic assemblages of the mesophotic shallow peak of the Vercelli Seamount ([Fig. 2](#pone-0016357-g002){ref-type="fig"}), where the term mesophotic or *twilight zone* generally refers to the bathymetric belt extended from 40 to 150 m depth, in the lower portion of the photic zone [@pone.0016357-Lesser1]. In this study the rocky mesophotic zone extends up to about 100 m depth, ending in a gently sloping coarse detritic plane.

The distribution of the taxa present in the study area was evaluated on seven horizontal video-transects (each one about 100 m long) recorded at seven depth ranges along the upper rocky portion of the mount ([Fig. 2b](#pone-0016357-g002){ref-type="fig"}), by an observer class Remotely Operated Vehicle, ROV *Pluto* (Gaymarine, Switzerland). The depth ranges of the transects were: 60--70 m (the TOP of the seamount), and 70--80 m, 80--90 m and 90--100 m respectively for the NE and SW sides. The 10 m wide depth ranges were selected *a priori* on the base of previous studies concerning distribution patterns of mesophotic benthic organisms [@pone.0016357-Bo1].

The ROV was equipped with an underwater acoustic tracking position system (HDR made by Gaymarine ultrashort baseline operating with a 30 kHz responder), providing records of its track along the seabed. Additionally it had a depth sensor, a compass, and two parallel laser beams (90° angle) providing a 10 cm scale for measuring the areas of the frames (between 0.5--3 m^2^ each).

The ROV, moving at 1 m height from the seabed (about 2 m of visual field, corresponding to a total of 1400 m^2^ explored area), was equipped with a digital camera (Nikon Coolpix 8700, 8 megapixel) and a high definition video camera (Sony DV 3CCD mod 950). The density (in terms of specimens or colonies m^−2^) or covering (% estimation) of 11 conspicuous and recognizable megabenthic species (or species groups) were evaluated on 14 video frames randomly obtained for each video-transect, for a total of 98 frames. Species considered were: the octocorals *Paramuricea clavata* (Risso, 1826), *Eunicella cavolinii* (Koch, 1887) and *Paralcyonium spinulosum* (Delle Chiaje, 1822), porifera such as *Axinella* spp., *Tethya citrina* Sarà and Melone, 1965, and encrusting sponges, the tube polychaete *Sabella pavonina* (Savigny, 1818), the ascidian *Diazona violacea* (Savigny, 1816), the echinoderms *Echinus melo* Lamarck, 1816 and *Antedon mediterranea* Lamarck, 1816, and the kelp *Laminaria rodriguezii* Bornet 1888. Data were corrected for individual sample areas.

To confirm the taxonomic determination of the specimens counted in the frames, we examined samples collected by dredging (dredge mouth 60 cm in diameter) on the seamount (60--100 m depth) during an oceanographic campaign on board of the R/V *Urania* in May 2009. A more complete list of the recorded species (and their relative abundance) ([Table 1](#pone-0016357-t001){ref-type="table"}) was obtained both by the analysis of the dredged samples and the examination of the whole video and photographic material.
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###### List of the species and their relative abundance on the peak of the Vercelli Seamount.

![](pone.0016357.t001){#pone-0016357-t001-1}

  Taxa                                   Relative abundance           
  ------------------------------------- -------------------- -------- --------
  **ALGAE**                                                           
  cf. *Hydrolithon boreale*                                     \*    
  *Laminaria rodriguezii*                      \*\*\*                 
  **PORIFERA**                                                        
  *Axinella damicornis*                                        \*\*     \*\*
  *Axinella polypoides*                                         \*       \*
  *Axinella verrucosa*                                         \*\*     \*\*
  *Axinyssa aurantiaca*                                                  \*
  *Ciocalypta penicillus*                                       \*    
  *Cliona nigricans*                             \*                   
  *Dictyonella incisa*                                                   \*
  *Dictyonella obtusa*                                                   \*
  *Dysidea* sp.                                                 \*    
  *Haliclona* (*Soestella*) *implexa*                           \*    
  *Haliclona* sp.                                               \*    
  *Leuconia* sp.                                                \*    
  *Myxilla* (*Myxilla*) *rosacea*                               \*    
  *Phorbas fictitius*                                           \*    
  *Plakortis simplex*                                           \*    
  *Polymastia mamillaris*                                       \*    
  *Tethya citrina*                             \*\*\*          \*\*    \*\*\*
  **CNIDARIA**                                                        
  Aglaopheniidae g.sp.                                          \*    
  *Alcyonium coralloides*                                      \*\*   
  *Alcyonium palmatum*                                                   \*
  *Amphianthus* sp.                                             \*    
  *Antennella* sp.                                              \*       \*
  *Antipathella subpinnata*                                     \*    
  *Callogorgia verticillata*                                    \*    
  *Corallium rubrum*                                            \*    
  *Corynactis viridis*                           \*            \*\*      \*
  *Dendrophyllia cornigera*                                     \*    
  *Eunicella cavolinii*                                       \*\*\*    \*\*
  Haleciidae g.sp.                                              \*       \*
  *Lafoea dumosa*                                               \*    
  Lafoeidae g.sp.                                               \*       \*
  *Paralcyonium spinulosum*                                     \*     \*\*\*
  *Paramuricea clavata*                                       \*\*\*     \*
  *Paramuricea macrospina*                                     \*\*      \*
  *Parazoanthus axinellae*                                     \*\*     \*\*
  *Pelagia noctiluca*                                           \*    
  Sertularidae g.sp.                                            \*    
  **POLYCHAETA**                                                      
  *Filograna* spp.                                            \*\*\*     \*
  *Sabella pavonina*                                            \*     \*\*\*
  Spirorbinae g.sp.                            \*\*\*                 
  **MOLLUSCA**                                                        
  *Chlamys* spp.                                                \*    
  *Calliostoma* spp.                                            \*    
  *Octopus vulgaris*                                                     \*
  *Patella* spp.                                                \*    
  *Pterya hirundo*                                              \*    
  *Solenogastres* g.sp.                                         \*    
  **CRUSTACEA**                                                       
  *Parthenope macrochelos*                                      \*    
  *Rochinia rissoana*                                           \*    
  **BRYOZOA**                                                         
  *Adeonella* sp.                                               \*       \*
  *Smittina cervicornis*                                        \*       \*
  *Turbicellepora avicularis*                                   \*    
  **ECHINODERMATA**                                                   
  *Antedon mediterranea*                       \*\*\*                 
  *Astrospartus mediterraneus*                                  \*    
  *Cidaris cidaris*                                             \*       \*
  *Echinaster sepositus*                         \*                   
  *Echinus melo*                                               \*\*     \*\*
  *Hacelia attenuata*                                           \*       \*
  *Holoturia polii*                                             \*      \*\*
  *Ophidiaster ophidianus*                                      \*       \*
  *Ophiotrix* spp.                                             \*\*   
  **TUNICATA**                                                        
  *Diazona violacea*                                            \*     \*\*\*
  Didemnidae g.sp.                                              \*       \*
  **OSTEICHTHYES**                                                    
  *Anthias anthias*                                            \*\*     \*\*
  *Coris julis*                                \*\*\*                 
  *Muraena helena*                               \*                   
  *Serranus cabrilla*                                           \*       \*
  *Trachurus* sp.                                                        \*

Symbol legend: \* = rare, \*\* = common, \*\*\* = very abundant.

Statistical analyses {#s2c}
--------------------

We hypothesized that species density (or covering) and structure of the megabenthic assemblages along the opposite flanks of the Vercelli Seamount differed significantly and that these differences varied with water column depth.

To test our hypothesis, for 6 representative taxa of the flanks separately (*Paramuricea clavata*, *Eunicella cavolinii*, *Paralcyonium spinulosum*, *Axinella* spp., Encrusting sponges, *Sabella pavonina*, *Diazona violacea*), we used a 2-way analysis of variance (ANOVA) with flank (fixed factor with two levels: NE and SW) and water column depth (fixed factor with three levels: 70--80, 80--90 and 90--100 m) as sources of variance, with n = 14 for the combination of factors. Prior to analyses, the homogeneity of variance was tested by means of the Cochran\'s test and, when necessary, the data were appropriately transformed. For those data sets for which the transformation did not allow to obtain homogeneous variances, a more conservative level of significance was considered [@pone.0016357-Underwood1]. When significant differences were observed, a *post-hoc* Student-Newman-Kuels test (SNK) was also performed. All ANOVA and SNK tests were carried out using the GMAV software (University of Sidney).

To test for differences between the assemblages observed along the two flanks of the Vercelli Seamount at different water column depths, a distance-based permutational multivariate analysis of variance (PERMANOVA, [@pone.0016357-Anderson1], [@pone.0016357-McArdle1]) based on a partial benthos dataset (11 taxa) was used (first design). Such dataset was based on the most representative species recognisable from video sequences. PERMANOVA was also used to test for differences between benthic assemblages at the TOP of the seamount (60--70 m depth) and those in the flank stations located at the closest water column depth (i.e. 70--80 m NE and 70--80 m SW) (second design).

The PERMANOVA test is an analogous to the multivariate analysis of variance (MANOVA), which however is too stringent in its assumptions for most ecological multivariate data sets [@pone.0016357-Anderson1]. Non-parametric methods based on permutation tests such as the one performed by the PERMANOVA tool are preferable since they allow to partition the variability in the data according to a complex design or model and to base the analysis on a multivariate distance measure that is reasonable for ecological data sets [@pone.0016357-McArdle1].

The first design included 2 fixed and orthogonal factors: flank (2 levels: NE vs. SW) and water depth (3 levels: 70--80 m, 80--90 m, and 90--100 m), with n = 14 for combination of factors (a total of 84 video frames, 42 per flank, 14 replicate frames per depth range). The analysis was based on Bray-Curtis similarity on previously presence/absence transformed data, using 999 random permutations of appropriate units, with permutation of residuals under a reduced model [@pone.0016357-Anderson2]. Since the interaction Flank×Depth was found significant, it was further analysed through pairwise comparisons.

The second design included one fixed factor: (3 levels: TOP, NE flank at 70--80 m depth and SW flank at 70--80 m depth), again with n = 14 for combination of factors (a total of 42 video frames, 14 replicate frames per depth range). The analysis was based on Bray-Curtis similarity on previously presence/absence transformed data, using 999 random permutations of appropriate units, with unrestricted permutation of raw data [@pone.0016357-Anderson2]. Pairwise comparisons were also carried out.

Permutational multivariate analysis of variance was run by means of the PERMANOVA routine included in the PRIMER6+ software (Plymouth Marine Laboratory).

To identify the taxa explaining the differences between the different stations, SIMPER analyses were carried out both on presence/absence and square-root transformed data using Bray-Curtis similarity with a 90% cut-off for low contributions. We kept the information provided by the square-root transformation to provide information on the weight of abundant vs. rare species abundance. SIMPER analyses were carried out by means of PRIMER6+ software (Plymouth Marine Laboratory).

Results {#s3}
=======

A total of 69 taxa (comprehensive of both megabenthos and ichthyofauna) were identified from the analysis of videos, photos and dredged material ([Table 1](#pone-0016357-t001){ref-type="table"}). Of all taxa, suspension feeders were the most represented, especially cnidarians (20 taxa) and sponges (17 taxa).

The seamount summit showed a dense population of the kelp *Laminaria rodriguezii* ([Fig. 3a--b](#pone-0016357-g003){ref-type="fig"}) covering almost 80% of the substratum. The substratum free from the alga was colonised by encrusting sponges ([Fig. 3c](#pone-0016357-g003){ref-type="fig"}, [4](#pone-0016357-g004){ref-type="fig"}). Many specimens of the orange crinoid *Antedon mediterranea* (on average 49,7 individuals m^−2^) occurred on the algal thalli together with dense aggregations of undetermined spirorbids ([Fig. 3a--b](#pone-0016357-g003){ref-type="fig"}).

![Aspects of the benthic assemblages of the Vercelli Seamount\'s peak.\
TOP region (a--c): a) the kelp *Laminaria rodriguezii* lying on the summit pinnacle. b) *Antedon mediterranea* on *L. rodriguezii* c) Encrusting sponges, bryozoans and coralline algae covering the rocky surface. SW region (d--f): d) Colonies of *E. cavolinii* partially covered by the soft coral *Alcyonium coralloides*. e) Large specimens of *P. clavata* together with *Eunicella cavolinii*. f) Several *Axinella* spp. sponges on a sparsely colonised surface. NE region (g--i): g) Group of *Paralcyonium spinulosum* colonies. h) Colony of the ascidian *Diazona violacea*. i) Small sparse colonies of *E. cavolinii* together with numerous *T. citrina* sponges and an *Echinus melo* urchin. Scale bar: 10 cm.](pone.0016357.g003){#pone-0016357-g003}

The flanks of the Vercelli Seamount were characterised by different bathymetric distributions of the considered taxa ([Fig. 4](#pone-0016357-g004){ref-type="fig"}, [Table S1](#pone.0016357.s001){ref-type="supplementary-material"}). The southern side of the pinnacle was characterised by the dominance of branched octocorals which sometimes reached very high densities. On the rocky boundary close to the detritic bottom (90--100 m) of this flank the only large coral present was the octocoral *Eunicella cavolinii*, with an average density of 17.5 colonies m^−2^ and the more rare *Paramuricea clavata* (on average 1.3 colonies m^−2^) ([Fig. 3d--e](#pone-0016357-g003){ref-type="fig"}, [4](#pone-0016357-g004){ref-type="fig"}). Specimens of *Callogorgia verticillata* (Pallas, 1766), *Corallium rubrum* (Linnaeus, 1758) and the scleractinian *Dendrophyllia cornigera* were occasionally observed in the deepest part (90--100 m) of the pinnacle. The only recognisable sponge species in this zone were *Axinella* spp., mainly *Axinella verrucosa* (Esper, 1794) and *Axinella damicornis* (Esper, 1794), with a mean density of about 5.1 specimens m^−2^ ([Fig. 3f](#pone-0016357-g003){ref-type="fig"}, [4](#pone-0016357-g004){ref-type="fig"}). The encrusting sponges had an average estimated cover of 17% ([Fig. 3f](#pone-0016357-g003){ref-type="fig"}, [4](#pone-0016357-g004){ref-type="fig"}). At this level some dead colonies of *E. cavolinii* were recorded, often covered by the pink parasitic octocoral *Alcyonium coralloides* (Pallas, 1766) ([Fig. 3d](#pone-0016357-g003){ref-type="fig"}) or colonized by the tube worm *Sabella pavonina*. Neither traces of predation nor physical damages (both natural and human) were highlighted as causes for the death of the colonies.

![Species distribution.\
Density (specimens or colonies m^−2^) and covering (%) distribution of six species found on both sides of the peak at the different depth ranges.](pone.0016357.g004){#pone-0016357-g004}

In the 80--90 m and 70--80 m depth ranges of the southern flank the density of *P. clavata* progressively increased (up to 7.8 colonies m^−2^) while that of *E. cavolinii* decreased (to 4.5 colonies m^−2^) ([Fig. 4](#pone-0016357-g004){ref-type="fig"}). One colony of the arborescent antipatharian *Antipathella subpinnata* (Ellis and Solander, 1786) was observed at about 90 m depth, where encrusting sponges progressively increased their covering up to 43% ([Fig. 4](#pone-0016357-g004){ref-type="fig"}).

At all depths, the benthic assemblage settled on the northern side of the seamount was significantly different from that of the southern flank (pairwise comparison after PERMANOVA, P\<0.01 for all depths; [Table S2](#pone.0016357.s002){ref-type="supplementary-material"}). From the bottom to 80 m depth we recorded a very large number of colonies of the blue octocoral *Paralcyonium spinulosum* (up to 4.3 colonies m^−2^) found exclusively on this flank of the seamount ([Fig. 3g](#pone-0016357-g003){ref-type="fig"}). The branched yellow *Alcyonium palmatum* (Pallas, 1766) was occasionally observed. *P. clavata* and *E. cavolinii* were also present on the northern side but with densities (1.7 and 7.1 colonies m^−2^ respectively) significantly lower than on the southern side (SNK test, P\<0.05; [Fig. 4](#pone-0016357-g004){ref-type="fig"}, [Table S1](#pone.0016357.s001){ref-type="supplementary-material"}). The density of *Axinella* spp. ([Fig. 3f, g--h](#pone-0016357-g003){ref-type="fig"}) at all depths was similar on both sides of the seamount ([Fig. 4](#pone-0016357-g004){ref-type="fig"}, [Table S1](#pone.0016357.s001){ref-type="supplementary-material"}), but the cover of encrusting sponges ([Fig. 3g](#pone-0016357-g003){ref-type="fig"}) (almost 80%) was significantly higher on the northern flank (SNK test P\<0.05; [Fig. 4](#pone-0016357-g004){ref-type="fig"}, [Table S1](#pone.0016357.s001){ref-type="supplementary-material"}). *Tethya citrina* ([Fig. 3i](#pone-0016357-g003){ref-type="fig"}) was mainly present up to 80 m depth on both sides, 2.0 and 2.8 specimens m^−2^ respectively for the north and south side. The ascidian *Diazona violacea* ([Fig. 3h](#pone-0016357-g003){ref-type="fig"}) and the polychaete *S. pavonina* were extremely abundant (3.0 colonies m^−2^ and 4.0 specimens m^−2^ respectively) on the northern flank while they were significantly less abundant on the southern one (SNK test, p\<0.05; [Fig. 4](#pone-0016357-g004){ref-type="fig"}, [Table S1](#pone.0016357.s001){ref-type="supplementary-material"}).

The PERMANOVA test revealed significant differences in the benthic assemblages between the two seamount flanks (PERMANOVA, P\<0.001; df = 1). Pairwise comparisons revealed that: i) differences were consistently significant at all sampling depths (P\<0.001, for all depths); ii) dissimilarity between NE and SW flanks increased with increasing water depth; iii) in both flanks the largest differences were observed between assemblages at 70--80 m and those at 90--100 m depth after a square-root transformation ([Table S2](#pone.0016357.s002){ref-type="supplementary-material"}). The SIMPER analysis carried out on the data set from the two flanks revealed that differences between benthic assemblages in the NE and SW flanks were mostly due to the encrusting sponges, which contributed 61%, 55% and 56% at 70--80 m, 80--90 m and 90--100 m depth, respectively. *Eunicella cavolinii* explained a significant proportion of differences between the seamount flanks, but only at 80--90 m (19%) and at 90--100 m (27%).

The PERMANOVA test revealed significant differences in the benthic assemblages also between the TOP and the stations located at the closest depth range in the two different flanks (P\<0.001, df = 2; [Table S3i](#pone.0016357.s003){ref-type="supplementary-material"}). The pairwise comparisons carried out on this reduced data set (i.e. TOP vs. flank stations at 70--80 m depth) revealed that the assemblage on the TOP differed from that of the SW flank more than from that of the NE flank ([Table S3ii](#pone.0016357.s002){ref-type="supplementary-material"}). The SIMPER analysis based on a square-root transformation revealed that the differences between the summit and the NE and SW flanks, respectively, were mostly due to *Laminaria rodriguezii* (29% and 32%, respectively), *Antedon mediterranea* (23% both) and encrusting sponges (23% and 16%).

Discussion {#s4}
==========

In this study we describe, for the first time, the species composition, observed through ROV imaging, of the mesophotic megabenthic assemblages of a Tyrrhenian seamount.

The rocky pinnacle of the Vercelli Seamount hosts a notable community characterised by high species richness and high abundances. This result is consistent with studies conducted both in the Atlantic and Pacific oceans, showing the highest aggregations of suspension feeders near the peaks of seamounts, especially in relation to strong currents thus low sedimentation rates [@pone.0016357-Genin3], [@pone.0016357-Piepenburg1], [@pone.0016357-Matsumoto2]. In particular in the case of Vercelli, the presence of a rich benthic community could be related to the substrate availability and the hydrodynamic conditions of the area [@pone.0016357-Artale1], [@pone.0016357-Nair1] characterised by upwelling conditions likely producing re-suspension of organic particles favouring suspension feeding organisms [@pone.0016357-MEDATLAS1].

In case of shallow rocky mounts this abundance is also related to the fact that the peaks, far from sources of terrigenous turbidity, penetrate in the euphotic zone allowing the massive development of algae (also at great depths) and associated faunal assemblages [@pone.0016357-Boehlert1]. From this point of view, Vercelli Seamount resembles other shallow seamounts in oceanic basins, often hosting kelp canopies. For example the area of the Gorringe Bank (minimum depth less than 50 m) in front to the Strait of Gibraltar is characterised by a dense assemblage of *Paramuricea clavata* and, on its upper portion, by a dense meadow of *Laminaria ochroleuca* De La Pylaie, 1824 [@pone.0016357-OCEANA1]. A kelp forest of *Ecklonia biruncinata* (Papenfuss, 1944) is found on the summit of Vema Seamount (summit less than 40 m depth), in the South Atlantic Ocean [@pone.0016357-Berrisford1], [@pone.0016357-Kensley1]. As for the other meadows, also the one composed of *Laminaria rodriguezii* occurring on the summit of the pinnacle of the Vercelli Seamount, is characterised by phylloids covering almost horizontally the rocky bottom and enhancing in this way light capture.

Rich benthic assemblages were recorded also on Pacific shallow water seamounts. The summit of Cobb Seamount (about 24 m depth), for example, is covered by encrusting algae and a dense population of rock scallops, which, in the mesophotic zone, are used as secondary substrates for a dense assemblage of suspension feeders [@pone.0016357-Birkeland1], [@pone.0016357-Parker1]. Similarly to Vercelli, Bowie Seamount (summit about 24 m depth) hosts a dense kelp canopy on the top of its rocky peak [@pone.0016357-McDaniel1].

The shallow Mediterranean underwater mountains share common characteristics as the presence of an apical coralligenous assemblage, the typical biocoenosis growing on calcareous formations of biogenic origin, produced by the accumulation of encrusting algae in dim light conditions. The depth range at which this assemblage is found depends on the amount of irradiance reaching the sea bed and may vary from 20 m to 120 m [@pone.0016357-Ballesteros1]. Our observations on the Vercelli are similar to those made on the other four shallow Mediterranean seamounts (peaks between 80 and 100 m depth) so far explored with the aid of a ROV, and located in the Alboran Sea, the Mallorca Channel and off Murcia [@pone.0016357-Aguiliar1]. A part from various coralligenous formations, maërl beds were also detected on these structures. Various species of suspension feeders and detritivorous species are listed, but no specific distribution of the organisms is given [@pone.0016357-Aguiliar1]. Similarly a coralligenous biocoenosis has been found also on the top of the Amendolara Bank in Ionian Sea [@pone.0016357-Cecere1].

Recent studies have indicated that seamounts may not show high endemism rates [@pone.0016357-Clark1], [@pone.0016357-McClain1], as previously suggested [@pone.0016357-Wilson1]--[@pone.0016357-RicherdeForges1], but they may host a variety of communities or species that are rarely encountered, or are represented by a very low density on slope habitats [@pone.0016357-Samadi1], [@pone.0016357-HallSpencer1]--[@pone.0016357-McClain2]. This is the case of Vercelli Seamount where some species were encountered with a remarkably high abundance respect to Tyrrhenian coastal areas. The Atlantic brown alga *L. rodriguezii*, known only for some localities of the Mediterranean Sea, is adapted to mesophotic areas, with temperatures less than 15°C [@pone.0016357-Giaccone1]. A well known canopy of this algae has been reported only for the rocky summit (around 40 m depth) of Apollo\'s Bank (Ustica Island, Sicily) [@pone.0016357-Giaccone2]. Such rocky habitats are important since the records of *L. rodriguezii* for the rhodolith beds [@pone.0016357-Massut1] have suffered more the trawling impact [@pone.0016357-Ballesteros1]. This kelp shows strong seasonal variations of biomass with rapid growth in spring and sorus formation in summer to autumn [@pone.0016357-Lning1]. The summer growth of *L. rodriguezii* is visible also on the seamount ([Fig. 3a--b](#pone-0016357-g003){ref-type="fig"}), as the algal sheets cover encrusting sponges or small living octocorals visible underneath. In autumn, the decaying of the distal part of the phylloids produces a relevant supply of organic biomass for several organisms such as sea urchins (*Echinus melo*, *Cidaris cidaris*) living on the detritic bottoms surrounding the pinnacle. The trophic contribution of kelp debris to deep communities has been well studied in several coastal environments [@pone.0016357-Norderhaug1], but no information is present for shallow seamount ecosystems. Kelp debris processed by heterotrophic prokaryotes is typically enriched in nitrogen [@pone.0016357-Norderhaug1] thus representing a high-energy source of food for benthic consumers in coastal environments [@pone.0016357-Tzetlin1], [@pone.0016357-Bernardino1], [@pone.0016357-Schaal1]. Since deep-sea ecosystems depend largely upon the organic matter sinking from the upper water column layers, the sinking of kelps thalli might represent an important fuel also for the seamount\'s deep food chains dominated by grazers, such as sea urchins [@pone.0016357-Bedford1], gastropods [@pone.0016357-Norderhaug1], and detritivorous organisms such as amphipods [@pone.0016357-Norderhaug1] or bivalves [@pone.0016357-Duggins1].

Also the ascidian *Diazona violacea* ([Fig. 3h](#pone-0016357-g003){ref-type="fig"}), a typical circalittoral Atlanto-Mediterranean species, is characterised by a strong seasonality. This species reproduces sexually in summer while during the cold season undergoes bud formation, regenerating complete new zooids only in the next spring [@pone.0016357-Berrill1]. The presence of seasonal species, which disappear during a part of the year, is a typical element of rich and diverse habitats, hosting a complex biodiversity varying not only in space, but also in time [@pone.0016357-Coma1].

Particularly interesting is the unusually large population of the sponge *Tethya citrina* (up to 6 specimens m^−2^ on the northern flank) ([Fig. 3i](#pone-0016357-g003){ref-type="fig"}). In the Mediterranean Sea, this species is known primarily from areas characterised by high sedimentation rates, like lagoons or muddy fiords [@pone.0016357-Sar1], and it is only sporadically recorded for coralligenous habitats (Bavestrello, unpublished data). This is the largest Mediterranean population ever recorded and the presence of this habitat type could be an indicator of light turbulence regime and higher sedimentation levels on the northern side of the seamount.

Another remarkable component of the assemblage of the northern flank is the soft coral *Paralcyonium spinulosum* ([Fig. 3g](#pone-0016357-g003){ref-type="fig"}), which is generally sparse and rarer than the other Mediterranean species of alcyonaceans [@pone.0016357-Fava1]. This species has been recently described with lower abundances for high sedimentation zones like the North Adriatic concretions [@pone.0016357-Fava1] or the muddy mesophotic bottom of the Gulf of S. Eufemia along the Calabrian coast [@pone.0016357-Bo1], [@pone.0016357-Bo2].

Branched octocorals such as *P. clavata* and *Eunicella cavolinii* are major components of the shallow and mesophotic rocky environments of the Mediterranean Sea, where they show a bathymetric distribution very similar to that observed on Vercelli Seamount [@pone.0016357-Bo1]. Very dense forests of these anthozoans, especially of *P. clavata*, have been recorded along the rocky Tyrrhenian coastline, from the northern basin (up to 70 colonies m^−2^) [@pone.0016357-Harmelin1] to the southern one (up to 26 colonies m^−2^) [@pone.0016357-Mistri1].

These examples support the idea that the conservation value of the Vercelli Seamount shouldn\'t be focused mainly on endemism, but on the variety of communities that this system supports. These assemblages moreover may act as source populations of larvae for neighbouring coastal ecosystems particularly in those Tyrrhenian areas which recently suffered extended mass mortality events of benthic organisms [@pone.0016357-Cerrano1].

From this point of view the pinnacle of the Vercelli Seamount hosts three notable assemblages developing in a relatively limited space. *Laminaria rodriguezii*, the numerous crinoids *Antedon mediterranea* living on the kelp and the encrusting sponges covering the rocky surface of the summit underneath the algal sheets, differentiate the first 10 m of the pinnacle from the closest depth ranges of both flanks. These are characterized by a steeper inclination more suitable for erected organisms, such as massive sponges and corals, depending on the water movement for their feeding activity. The northern 70--80 m depth range results more similar to the TOP respect to the southern side because of the high maximal density of *T. citrina* and the wide cover of encrusting sponges characterizing both stations. In the 70--80 m depth range on the southern flank instead *P. clavata* is already the dominant species and the dissimilarity with the summit is higher ([Table S3ii](#pone.0016357.s003){ref-type="supplementary-material"}).

As shown by the statistical analysis, the two flanks of the pinnacle of the Vercelli Seamount host different assemblages ([Table S2](#pone.0016357.s002){ref-type="supplementary-material"}). The southern side is dominated by a wide development of organisms, mainly passive filter-feeders such as octocorals, adapted to live in environments characterised by high hydrodynamic conditions [@pone.0016357-Bo1]. The species composition of this assemblage varied also according to depth. In particular *P. clavata* and *E. cavolinii* show an opposite trend of bathymetric distribution, with *E. cavolinii* being distributed preferentially in the deepest ranges, as already observed for other mixed octocoral forests of the Mediterranean Sea [@pone.0016357-Bo1].

The northern side, on the contrary, is mainly dominated by active filter-feeders like sponges, polychaetes and ascidians adapted to live in habitat characterised by lower hydrodynamic conditions.

Encrusting sponges and *E. cavolinii* mainly contribute in the separation of the flanks assemblages, being the most abundant taxa, in term of percent covering or density. Their major contribution is in agreement with their bathymetric abundance distribution. The PERMANOVA analysis evidenced an increasing dissimilarity (based on square root transformation) of the benthic assemblages along the two flanks, according to water column depth. This result suggests that there is an effect of depth on the β-diversity of the seamount megabenthic community, being the deepest assemblages the most dissimilar. These observations confirm that seamounts, showing high habitat heterogeneity, are able to host different assemblages characterised by different ecological requirements [@pone.0016357-Raymore1], [@pone.0016357-Koslow1].

The observed differences between the megafauna assemblages recorded on the two flanks of the pinnacle, both in term of composition and trophic strategy, are probably related to local current conditions. Hydrodynamism most likely is stronger along the southern flank respect the northern one. This situation, together with the lower inclination of the slope, probably increases the sedimentation rates on the northern flank dominated by active suspension feeders.

The Vercelli Seamount is not heavily exploited by professional fishing. Nevertheless, some abandoned nets and lines were observed along the ROV track. Environments characterised by high biodiversity should be worthy of protection by international conservation programs as already suggested for others deep diversity oases of the Mediterranean Sea [@pone.0016357-Bo1], [@pone.0016357-Bo2].
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